Section S6: Bibliography. 17
Computational Procedures
Section S1: Description of the Computational Procedures.
The calculations were performed at the ROB2PLYP-D3//UB2PLYP-D3/aug-cc-pVTZ and UCCSD(T)/CBS//UB2PLYP-D3/aug-ccpVTZ levels. First, most of the relevant structures have been optimized at the unrestricted DFT level with the B2PLYP functional [1] including the atom-pairwise dispersion correction with the Becke-Johnson damping scheme (D3BJ) [2, 3] at the unrestricted level. The aug-cc-pVTZ basis set [4, 5] has been used for all calculations. All UB2PLYP-D3 calculations have been performed using the quadratic convergence (QC) algorithm [6, 7] (instead of the default one, which is a combination of the DIIS method of Pulay [8, 9] and a modified version of the DIIS algorithm, named EDIIS [10] ) with the standard Harris guess [11] . As usual, geometry optimizations have been followed by frequency calculations to ensure the absence and presence (of just one) imaginary frequency for the minima and transition states, respectively, and to obtain thermal corrections for enthalpies using ideal gas partition functions. [12] IRC calculations have also been performed, to show that the transition states connect the correct pairs of minima. Charges derived from Natural Bond Orbital calculations (NBO) [13] have been used to describe charge transfer between the superoxide and hydrogen peroxide.
Single-point calculations at the CCSD(T) [14, 15] level have also been performed to improve the obtained energies. Extrapolation to the complete basis set (CBS) limit has been performed through a two-points formula extracted from the CCSD(T)/aug-cc-pVXZ and RHF/aug-cc-pVXZ (X = D and T) calculations. [16, 17, 18] According to this model, the extrapolated RHF and correlation energies are then added to yield the total (extrapolated) energies. In order to overcome the problem of spin contamination, restricted open shell singlepoint DFT calculations have been performed for all stationary points obtained. All ROB2PLYP-D3 calculations have been performed with the conventional DIIS algorithm. [8, 9] With exception of the doublet at the MECP geometry (for which the Huckel guess has been used, as it yielded a lower energy) all ROB2PLYP-D3 calculations employed the default Harris guess. Apart from the aforementioned exception, this set of calculations has been performed using the g09 software with its default criteria. [19] Minimum energy crossing point (MECP) calculation, between doublet and quartet states, have also been performed with the ORCA software, [20] whose MECP algorithm is based on the suggestions by Harvey et al. [21] As there is significant differences between the energies obtained with ORCA and g09 at the MECP geometry, due to the SCF algorithms used, for the sake of consistency with the remaining stationary points its energy has been calculated with the latter software, as an average between doublet and quartet energies. As aforementioned, at the UB2PLYP and ROB2PLYP levels the QC and CDIIS algorithms have been used, respectively. Except for 2 TS-1 (see Figure 1 and 2 of the manuscript), the spin contaminations obtained for all stationary points are relatively low (with <S 2 > values smaller than 0.04, 0.79, 2.05 and 3.88 for the singlet, doublet, triplet and quartet species, respectively).
Although for 2 TS-1 it is significantly reduced (from ~ 0.95 to 0.78) at the highest correlated level, or even eliminated (at the ROB2PLYP level), it is important to mention that these two single-point calculations are based on spin contaminated structures, which can differ significantly from the non-contaminated ones. [22] However, such approach has been used previously with success [23] and despite the fact that it relies on spin contaminated geometries, it represents an important improvement, as highly contaminated wavefunctions can yield energy errors larger than 10 kcal mol -1 , [24] although for double hybrid functional the effect can be smaller. [25] Indeed, the relative energies calculated at the UB2PLYP-D3 and ROB2PLYP-D3 levels differ by at most ~ 5 kcal mol -1 (see Table S1 ).
Geometry optimizations at the ROB2PLYP-D3 level could not be performed with the g09 software due to the absence of analytic gradient at this level. Therefore, an alternative scheme based on the results of ref. [26] (that is, restricted open shell wavefunctions used as the initial guesses for the unrestricted calculations) was attempted during the geometry optimization steps. The idea is to stop the geometry optimization as soon as the spin contamination becomes relatively high (e.g., <S 2 > larger than 0.8) and then restart it from the previous step, but with an initial guess taken from a restricted open shell wavefunctions. However, even starting from a point in the PES which is virtually free from spin contamination the next geometry generated already has a relatively high spin contamination. Thus, for 2 TS-1 a converged geometry with a small spin contamination could not be achieved.
Results and Discussion
Section S2: Comparison between the Calculated Results.
As can be seen from the Table S1 the energy profiles calculated are very similar at the ROB2PLYP-D3//UB2PLYP-D3/aug-ccpVTZ and UCCSD(T)/CBS//UB2PLYP-D3/aug-cc-pVTZ levels. Table S1 . Energy, Enthalpy and Free Energy differences (in kcal mol -1 ) obtained in the present study. The differences are given in comparison with the separated reactants. Section S3: Alternative Mechanism of Proton Abstraction.
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Figures S2 and S1 illustrate the calculated energy profile and the optimized structures for reactants (R), products (P) reactant complex (RC), product complexes (PC), intermediates (Int), transition states (TS), and the minimum energy crossing point (MECP) between the doublet and quartet energy surfaces for the proton abstraction mechanism. After 2 RC the system can surpass the first barrier, 2 TS-1b, with an activation energy of -5.1 kcal mol -1 . As can be seen in Figure S2 , formation of 2 TS-1b from RC takes place by proton abstraction by the superoxide, yielding a species which can be represented by O2 
